Abstract. In the current study we investigated the contribution of genetic and environmental factors to the relationship between the Big Five personality traits and nonverbal intelligence assessed with Raven's Standard Progressive Matrices. The sample included a total of 290 people: 59 monozygotic (MZ) and 86 dizygotic (DZ, 58 same-sex and 28 opposite-sex) twin pairs aged 14 to 20 years (mean age = 15.84, SD = 1.05). The phenotypic correlations between the traits and intelligence scores were non-significant, except for Openness. This relationship was largely explained by shared environmental influences (65%).
Introduction
The relationship between intelligence and personality traits has been of great interest to researchers since both of them are associated with the formation of individual differences in a range of lifetime achievements -from school to professional results [1] [2] [3] . Individual performance on tests of personality and intelligence (especially non-verbal intelligence) show considerable stability over the lifetime [2, 4] . On the one hand, there is a weak or zero correlation between personality traits and psychometric intelligence [5, 6] . On the other hand, more and more researchers have detected significant correlations between personality traits and intelligence, especially among the Big Five personality traits and nonverbal intelligence [5, [7] [8] [9] [10] . Among the Big Five traits, Openness shows the strongest association with nonverbal intelligence [10, 11] .
Analysis of the mechanisms underlying the relationship between personality traits and intelligence undertaken in recent years has proven the advantages of behavioral genetic approach. The first and so far few works show that the covariance of personality traits and intelligence is explained by common additive genetic factors [12, 13] .
Structural equation modelling in multivariate methods gives an opportunity to investigate the mechanisms underlying the relationships and comorbidity between traits. For example, Kendler et al. [14] were using this method and found that comorbidity of depression and anxiety disorder was not accidental and not related to any other disorder, but was probably moderated by some correlating vulnerabilities to these disorders. The best fitting model explaining the association between depression and anxiety disorder included high genetic correlation between them and weak association with non-shared environment. The aim of the current study was to analyse the role of genetic and environmental factors in personality traits and intelligence.
Methods

Participants
The sample included a total of 290 people: 59 monozygotic (MZ) and 86 dizygotic (DZ, 58 same-sex and 28 opposite-sex) twin pairs aged 14 to 20 years (mean age = 15.84, SD = 1.05).
Procedure
Nonverbal intelligence was assessed with the test 'Raven's Standard Progressive Matrices'. The test consists of 60 tasks with increasing complexity, grouped in 5 series (A to E).
Personality traits were measured with the Russian version of the questionnaire NEO-PI, which was standardized on the Russian population. The questionnaire is based on the five-factor model of personality including five main dimensionsNeuroticism, Extraversion, Openness to experience, Agreeableness and Conscientiousness (Costa, McCrae, 1992 ).
Analysis
The bivariate twin model (or a model of correlating factors, in accordance with Figure 1 ) was used to estimate the contribution of genetic and environmental components in the correlation between personality traits Model fit was assessed by comparing the likelihood coefficients of the bivariate model and the saturated model. The saturated model includes the means, variances and covariance of the phenotypic variables without any restrictions. The bivariate model imposes restrictions on the means, variances and covariance hence its likelihood estimates are lower than those of the saturated model. Chi-square test is based on the difference in the likelihood coefficients and the difference of degrees of freedom allows us to take a decision on the statistical significance of the differences between the two models. Table 1 shows the descriptive statistics. According to the confidence intervals, within-pair correlations for samesex (DZss) and opposite-sex dizygotic twins (DZos) did not differ significantly, except for Raven's test scores, therefore, it was decided to include the opposite-sex twin pairs in the analysis.
Results and discussion
The chi-square test showed that all bivariate models demonstrate satisfactory likelihood statistics.
The estimates of phenotypic variance components (genetic factors, shared and non-shared environmental factors) are presented in Table 2 . 50% of the phenotypic variance of intelligence is explained by shared environment, 34% -by genetic factors and 16% -by non-shared environment. The phenotypic variance of the NEO-PI scales is largely accounted for by non-shared environment (43-65%). Shared environment contribution is non-significant (0-15%), except for Extraversion (35%). The opposite pattern is observed for genetic factors (40-56%, 0% for Extraversion). Table 3 presents the correlations between the NEO-PI scales and the scores for Raven's Standard Progressive Matrices. Overall, the phenotypic correlations between the variables are low (according to the confidence interval, the only significant correlation is observed between intelligence and Openness). Among the variance components, there are correlations between genetic factors of intelligence scores and Conscientiousness; and between shared environmental factors of intelligence scores and Openness. Table 4 shows the contribution of genetic, shared environmental and non-shared environmental influences in the phenotypic correlations between NEO-PI scales Matrices test. Non-shared environment influences vary from 6% to 15% (except for 38% for Extraversion). Shared environment influences vary from 31% to 38% (except for 65% for Openness). Genetic influences vary from 24% to 63%.
It is necessary to note that the sample size does not allow us to estimate the influences with high accuracy.
Conclusion
In the current study we investigated the contribution of genetic and environmental factors to the relationship between the Big Five personality traits and nonverbal intelligence assessed with Raven's Standard Progressive Matrices. The phenotypic correlations between the traits and intelligence scores were non-significant, except for Openness, which is consistent with previous studies [10, 11] . This relationship is largely explained by shared environmental influences (65%). Further research is needed on an extended sample for more accurate estimates of the relative role of genetic and environmental factors in the relationship of personality traits and nonverbal intelligence. 
